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m: Thermolysis of pyranone endoperoxide g‘)(prepared by singlet
oxygenation of 1,4-diphenyl-2-benzopyran-3-one) in benzene solution leads
to o-xylylene peroxidef?. Peroxide \g‘is trapped in a Diels-Alder

an

reaction with maleic anhydride to yieldAadduct QG‘J

Ph. 30 Ph
yZ o 00 .
L= 00
Ph Yo A
Ph .

2 0
~

6
b7

1
N

It was observed that the chemiluminescence that resulted from the thermal

reaction of peroxide (.Za"ioccur'red by two distinct paths. The first occurred

in the absence of easily oxidized aromatic hydrocarbons and was the result

of the unimolecular rearrangement of(g) to electronically excited o-dibenzoylbenzene
(ﬁ)- In this case chemiluminescence was detected by energy transfer from
excited(gto suitable acceptors. The second occurred when any one of several
easily oxidized aromatic hydrocarbons was included in the reaction

solution. In this case light generation is apparently the result of

chemically initiated electron exchange luminescence.
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Sir:

The thermal chemistry of organic molecules containing an oxygen-
oxygen bond is usually dominated by reacfions involving homolytic or
heterolytic cleavage of the peroxide linkage.] In this report we would
like to describe our observation of a novel retro cycoaddition pathway
for thermolysis of pyranone endoperoxide l to generate o-xylylene peroxide
2. This is the first reported characterization of this interesting ring
system. We have also found that thermolysis of the o-xylylene peroxide
is chemiluminescent. There are two separate reaction pathways leading to
light generation for this molecule. In the absence of an easily oxidized
substrate, o-xylylene peroxide g rearranges to generate electronically
excited o-dibenzoylbenzene (3). In this case chemiluminescence is detected
following energy transfer to a suitable emitting energy acceptor, such as
biacetyl. The second chemiluminescent path occurs in the presence of any
one of several easily oxidized aromatic hydrocarbons. In this case,
Q-xylylene peroxide % undergoes a bimolecular reaction resulting in the
generation of the fluorescent singlet state of the aromatic hydrocarbon.
The mechanism for light formation under these conditions is apparently
that which we have recently identified as chemically initiated electron

; 2
exchange luminescence.
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Photooxidation of 1,4—dipheny1—2-benzopyran-3-one3 (%) in acetone
at 0° with methylene blue as sensitizer results in the isolation of endoperoxide

l as a white crystalline solid (M.P. 105°) in 60% yield.4 This

compound is stable in crystailine form at room temperature. Peroxide l, however,

is completely decomposed when subjected to refluxing benzene for 6 h. The
products isolated from this reaction are o-dibenzoylbenzene (3) and phenyl-
(o-benzoyl)-benzoate (é) in 85% and 5% yield respectively.S

Importantly, it is observed that when this reaction is carried out in
rigorously deoxygeﬁated solvent, a deep yellow color develops in the
solution as the reaction progresses. The yellow intermediate shows a

maximum in its absorption spectrum at 410 nm that tails out to 430 nm.
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Also, this intermediate is rapidly decolorized by the addition of

oxygen to the reaction solution. When the thermolysis of l is carried out
in the presence of excess maleic anhydride, the yellow intermediate is

not observed, the yield of o-dibenzoylbenzene is much reduced, and the yield
of ester 2 is essentially unchanged.6 The major product of the reaction
under these conditions is identified as the Diels-Alder adduct (Q) of maleic
anhydride and ester 5. Adduct (Q) is isolated as a crystalline

solid in 70% yield.7 These observations are entirely consistent
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with the formation of o-xylylene peroxide g by retro-Diels-Alder loss
of CO2 as the major reaction path for l. Compounds containing the o-xylylene
moiety have recently been characterized in the absence of oxygen under
relatively mild conditions.8 The absorption spectra of these related
compounds and the observed chemistry are similar to that which we have
found for the intermediate in the thermal reaction of l.

Apart from the exciting chemistry involved in the formation, reactions,
and properties of %* this o-xylylene peroxide represents an example of a
potentially important new class of chemiluminescent reagents. Thermolysis
of l in a photon counting apparatus at 92° does not produce a detectable
luminescence. This result was not unexpected since only inefficient emission
is expected from the excited states of o-dibenzoylbenzene under these
conditions. However, addition of biacetyl to the reaction solution resulted
in easily detected phosphorescence from triplet excited biacet_y].g Moreover,
it is also observed that addition of rubrene, perylene or any one of
several easily oxidized aromatic hydrocarbons results in readily detected
luminescence. The luminescence in this case corresponds to fluorescence
from the added aromatic hydrocarbon singlet excited state. The intensity
of the chemiluminescence is directly proportional to the concentration of

endoperoxide 1 and decays foliowing a first order kinetic law.
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Our observation of the chemiluminescence from 1 implicates the
o-xylylene peroxide % as the chemiluminescent precursor.m In particular,
addition of maleic anhydride to a chemiluminescing solution of l and perylene
quenches the chemiluminescence without affecting the rate of consumption
of endoperoxide l.]] The energy stored in o-xylylene peroxide 2 must
ultimately appear as the energy of electronic excitation on the added emitter
We have found that there are two kinetically and spectroscopically distiquishable
mechanisms operating-to transform the poiential energy of o-xylylene
peroxide % to an exc}ied §f§te of the eﬁitter. In the first, examplified for
biacetyl, endoperoxide ] loses CO2 to form 2, which in a subsequent surprisingly
slow unimolecular rearrangement forms electronically excited o-dibenzoylbenzene
(Q). Energy transfer from excited ketone Q to biacetyl results in the formation
of the observed emitting triplet state of biacetyl. It should be noted
that the concerted rearrangement of peroxide ¢ to ketone 4 is a formally
forbidden process which would result in generation of a high energy
doubiy excited state. Consistent with this mechanistic interpretation
we observe classical consecutive reaction kinetics, shown in figure 1,
for the build-up and decay of chemiluminescence emission intensity under
these conditions. This mechanism for light generation is shown as path
A in Scheme 1.

The second route leading to light emission occurs in the presence
of any one of several easily oxidized aromatic hydrocarbons (ArH) and is
an example of the general excitation mechanism we have recently identified
as chemically initiated electron exchange luminescence. The initial
interaction between o-xylylene peroxide é and ArH in this case is an electron
transfer from ArH to the peroxide. Subsequent ring opening of the reduced
peroxide followed by annihilation of the resulting radical ions generates

the observed products, o-dibenzolybenzene and electronically excited aromatic
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hydrocarbon as is shown in path B of Scheme 1. Evidence that this path
is operating comes from the observation that the singlet excited state of
ArH is efficiently formed under conditions where energy transfer from
singlet 3 is highly improbable. Also, the efficiency of light production
is propoftional to the one electron oxidation potential of ArH
indicating an electron transfer as a key step in the excitation sequence.
Finally, the kinetic behavior of the 1light intensity in the presence of ArH,
shown in figure 1, indicates that the rate of reaction of the intermediate
o-xylylene peroxide % has been increased by the addition of ArH so that
the formation of 2 from endoperoxide 1 is now rate determining.
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In summary, we have observed a novel thermal reaction of pyranone
endoperoxide l to form the unique o-xylylene peroxide %. This peroxide
represents one of the few known or postulated vinyl peroxides. In
addition, o-xylylene peroxide % reacts along two distinct paths to produce
chemiluminescent emission. These observations may be extrapolated to the

much studied isoelectronic luminol system in which intramolecular electron

exchange is possible. We are continuing to investigate the interesting and
novel chemical and chemiluminescent reactions of endoperoxide 1 and related
systems.
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The endoperoxide was characterized as €ollows: Ir (CHCI
1
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1785, 1525, 1460, 1330 cm 1. H NMR (CDC]3, internal TMS) &6 6.8-7.0
(M, 2H), 7.2-7.9 (M, 12H); 3¢ nmR (CDC]3, internal TMS) & 166, 136
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J._Orq. Chem., 25, 269 (1960) and the phenyl-(o-benzoyl)-benzoate

according to: J. J. Bieke and R. D. Swisler, J. Am. Chem. Soc.,
56, 902 (1934).
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This observation is consistent with formation of 2 and 5 along
parallel paths from 1

The adduct was characterized as follows: Ir (CHC]3) 2980, 1870,

1

1690, 1600, 1490 cm™'. 'H NMR (CDC1,, internal THS) s 7.0-7.85

(m, 14H), & 4.1 (s, 2H). Analysis; Calcd for C,,H, 0.5 C, 74.99;

24°16°5°

H, 4.20; Found C, 74.65; H, 4.28. Molecular Weight (Osmometry)
required 384; found 381 + 5. Active oxygen content 94.4 + 6% of
theoretical. The stereochemistry of § is not yet known.
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The triplet and singlet energy of o-dibenzolybenzene is above that
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Bradshaw, D. 0. Cowan, R. C. Counsell, V. Vogt, and C. Dalton, J. Am.
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In a recent review Michl has suggested, based on theoretical considerations,
that an'o—xylyfene peroxide is the key chemiluminescent intermediate

in the light forming reaction of Tuminol: J. Michl, Photochemistry

and Photobiology, 25, 141 (1977).

Typical conditions. [1] = 5 x 10-4M, [perviene] = 2 x 10'4

M,
[Maleic Anhydride] = 1 x 10-3 M in benzene at 92°. Maleic anhydride
will not significantly quench perylene singlets under these conditions.
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Decay of Chemiluminescence from endoperoxide l in benzene solution at
92°, The open circles are for solutions containing perylene, the stars

are for biacetyl containing solutions.







S 4 8 B AN 5 POV P

ONR TECHNICAL REPORT DISTRIBUTION LIST

No. Copics
Office of Naval Resear¢h™
Aciington, Virginia 22217
Attn: Code 472 2

Office of Naval Research
Arlington, Virginia 22217
Attn: Code 1021P 6

Qx Branch Office

530 5. Clark Street

Chicago, Illinois 60605

Attn: Dr. George Sandoz 1

ONR Branch Office
715 Broadway

New York, New York 10003

Attn: Scientific Dept. 1

ONR Branch Office

1030 East Green Street
Pasadena, Califormia 91106
Attn: Dr. R. J. Marcus 1

ONL Branch Office

760 Market Street, Rm. 447

Saa Francisco, California 94102
Attn: Dr. P. A. Miller 1

Uik Branch Office

499 Summer Street :
Doston, Massachusetts 02210
attn: Dr, L. H. Peebles 1

Director, Naval Research Laboratory

Washington, D.C. 20390

Attn: Library, Code 2029 (ONRL) 6
Technical Info. Div, 1
Code 6100, 6170 1

The Asst. Secretary of the Navy (R&D)
Departwent of the Navy

Room 44736, Pentagoan

Washinpgtoa, D.C. 20350 1

Gouwmander, Naval Air Systems Command
Depactment of the Navy

Washington, D.C. 20360

Atcn: Code 310C (Hi. Rosenwasser) 1

Befense Documentation Center
Building 5, Cameron Station
Alexandria, Virginia 22314 12

U.S. Army Research Office

P.0. Box 12211

Research Triangle Park, North Carolina
Attn: CRD-AA-IP 1

No. Copics

Commander

Naval Undersea Research & Development
Center

San Diego, California 92132

Attn: Technical Library, Code 133 1

Naval Weapons Center
China Lake, California 93555
Attn: Head, Chemistry Division 1

Naval Civil Engincering Laboratory
Port Hucneme, California 93041
Attn: Mr. W. S. llaynes 1

Professor 0. Heinz

Department of Physics & Chemistry
Naval Postgraduate School

Monterey, California 93940 1

Dr. A. L. Slafkosky

Scientific Advisor

Commandant of the Marine Corps (Codec RD-1)
Washington, D.C. 20380 1

Dr. M. A. El-Sayed

University of California

Department of Chemistry

Los Angeles, California 90024 1

Dr. M. W. Windsor

Washington State University
Department of Chemistry

Pullman, Washington 99163 1

Dr. E. R. Bernstein

Colorado State University

Department of Chemistry :
Fort Collins, Colorado 80521 1

Dr. C. A, Heller

Naval Weapons Center

Code 6059 ;

China Lake, California 93555

Dr. G. Jones, II

Boston University

Department of Chemistry

Boston, Massachusetts 02215 1

Dr. M. H. Chisholin
Chemistry Department

P

Princeton, New Jersey 08540 1
Dr. J. R. MacDonald
Code 6110

Chemistry Division
Naval Research Laboratory
Washington, D.C. 20375 1




ONR TECHNICAL REPORT DISTRIBUTION LIST

No. Copies

Dr. G. B. Schuster s
Chemistry Department

University of Illinois

Urbana, Illinois 61801 1

Dr. E. M, Eyring

University of Utah

Department of Chemistry

Salt Lake City, Utah 1
Dr. A. Adamson

University of South2rn Califormia

Department of Chemistry
Los Aagcles, California '90007 1

Dr. M. S. Wrighton

Massachusetts Institute of Technology
Uepartment of Chemistry

Cambridge, Massachusetts 02139 1




